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Abstract
Background: Several studies have shown that sleep disorders may lead to metabolic or endocrine changes including insulin resistance, diabetes, obesity, cardiovascular
disease and stroke.
Objectives: The aim of this study was to investigate the association between sleep quality and metabolic factors and anthropometric measurements among personnel
of a central petrochemical company in Tehran.
Methods: This cross-sectional study was conducted on 400 personnel of a central petrochemical company in Tehran, during year 2015. Demographic information in-
cluding age, gender, educational status, employment duration, working hours per day, marital status, smoking, medical history for disease and drug use, were collected
by a questionnaire. Systolic and diastolic blood pressure and also height and weight were measured by standard methods and body mass index (BMI) was calculated.
Pittsburg sleep quality index (PSQI) was performed to assess participants’ sleep quality. Serum concentrations of fasting glucose and lipid profiles were measured by the
related biochemical kits. Logistic regression analysis was used for multivariate adjusting of factors associated with sleep quality.
Results: The mean score for participants’ Pittsburgh sleep quality index (PSQI) was 4.77± 2.62. About 30% of participants had had bad sleep quality. A high body mass
index (BMI) (P < 0.001) and high waist circumference (P = 0.016) were inversely associated with sleep quality. Serum concentration of very-low-density lipoprotein (VLDL)
(P = 0.004) and triglyceride (P = 0.001) were statistically higher in participants with lower sleep quality than with those with higher sleep quality. The group with a good
sleep quality had a higher serum high density lipoprotein-cholesterol (HDL-c) than those with a poor sleep quality (P = 0.034). Being female increased the risk of poor
sleep quality by 2.5 folds, and with increasing BMI (OR = 1.17) and serum triglyceride (OR = 1.02) the risk of poor sleep quality was increased.
Conclusions: People with a poor sleep quality had a higher BMI, waist circumference and serum triglyceride levels and a lower HDL-c concentration. Furthermore, BMI
and serum triglyceride concentration are independently associated with the score of sleep quality. Indeed, it is recommended for people to screen for sleep quality to
start necessary interventions.
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1. Background
Sleep is a dynamic and highly organized biological pro-
cess (1) and also one of the important elements in 24-hour
life cycle, which is considered an important part of life and
accompanied by the reconstruction of physical and men-
tal power (2). Sleep disorders are among the biggest men-
tal disorders (1) and insomnia is one of the most common
sleep disorders (3). Sleep quality and quantity are impor-
tant for the natural function of body’s daily hormonal and
metabolic processes as well as appetite balance (4).
Chronic lack of sleep is accompanied by metabolic and
endocrine changes as well as long-term pathological out-
comes. Additionally, different studies have demonstrated
that sleep duration is related to diabetes (5), obesity (6) and
cardiovascular diseases (7). Decreased sleep quality with-
out change during sleep is related to resistance to insulin
and diabetes (8). Short and long sleeps are both related
to metabolic syndrome (9) and short sleep is a risk factor
for heart attack (10). Life quality and people’s activity dur-
ing waking hours are influenced by people’s sleep quality
(11). Some studies have reported a relationship between
sleep quality and being overweight and components of
metabolic syndrome, but limited controversy, which can-
not provide good evidence, may be because of insufficient
adjustment of confounding factors such as gender and
lifestyle habits.
2. Objectives
According to the importance of prevention, control of
chronic diseases such as cardiovascular diseases, type-2 di-
abetes, obesity and high blood fat, and studying the rela-
tionship between sleep quality and anthropometric and
metabolic parameters is important for maintaining and
promoting health as well as decreasing treatment costs.
The present study was done to investigate the relationship
between sleep quality and metabolic factors as well as an-
thropometric indices among the staff of Tehran central
petrochemical company.
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3. Methods
3.1. Study Participants
This cross-sectional study was done as an analytical and
cross-sectional work on all of official staff of Tehran cen-
tral petrochemical company in 2015 (n = 400). Participants
who didn’t provide informed consent and didn’t complete
the study questionnaire were excluded from the study. Af-
ter explaining the objectives and details of the project, an
informed consent letter was obtained from interested par-
ticipants before entering the study.
Demographic characteristics including age, gender,
education, employment duration, working hours, marital
status, smoking history and medical and therapeutic his-
tory of the participants were gathered by a demographic
information questionnaire and face-to-face interviews.
3.2. Evaluating Anthropometric Status
Height and weight were measured by standard meth-
ods and BMI was also calculated. Height was measured us-
ing a Seca height gauge with 0.1 accuracy while having no
shoes on, in a standing position, looking straightforward,
and placing shoulders and back of the feet in one direc-
tion. Weight was measured twice with 0.1 kg accuracy us-
ing a Seca scale while having no shoes on, wearing mini-
mum clothing and after execration. In the case of differ-
ence between the two measurements by more than 0.1 kg,
the average was calculated after the third measurement.
Body Mass Index was calculated by dividing weight (in kg)
by square of height (in m). Waist circumference was mea-
sured by positioning a tape-measure right above the iliac
crest. Then, the three measurements were done with 0.1cm
accuracy and the average calculation was reported.
3.3. Evaluating Blood Pressure
Systolic and diastolic blood pressure was measured
three times by a trained nurse from the right arm in a sit-
ting and silent condition, with five-minute rests between
each measurement and using a mercury manometer and
Korotkoff sound technique; the average of the three mea-
surements was registered.
3.4. Evaluating Sleep Quality
To study the sleep quality of people in this study, the
Pittsburgh sleep quality index (PSQI) was used. This ques-
tionnaire contains nine questions for evaluating seven
components of sleep quality; time for sleeping, sleep dura-
tion, rate of effective sleep, sleep disorders, using hypnotic
drugs, and daily activities due to sleepiness. Minimum and
maximum scores considered for each component range
from zero (no problem) to three (very serious problem). Fi-
nally, the scores are added and converted to a total score (0
- 10); a high score shows unsuitable sleep quality (12).
3.5. Laboratory and Biochemical Evaluation
At the beginning of the study, a 5 cc blood sample was
taken from the brachial vein of the patients using a scalp
vein in a sitting position on an armchair after a 12-hour fast-
ing. To separate the serum, the samples were centrifuged
at 3000 rpm for 10 minutes and at room temperature.
The separated serum was incubated in a 1-mL micro tube
for measuring the considered biochemical factor and was
stored at -80°C until the test performance.
Fasting glucose concentration was measured using
a glucose oxidase kit (Pars Azmoon, Tehran, Iran) by a
photometric method with 5 mg/dL sensitivity using a
spectrophotometer. Serum concentrations of triglyceride
as well as very-low-density lipoprotein (VLDL) and high-
density lipoprotein (HDL) cholesterol were measured us-
ing the kit and enzyme-colorimetric method (Pars Azmoon
Company, Tehran, Iran), and TC concentration was mea-
sured using the kit and enzyme-photometric method (Pars
Azmoon Company, Tehran, Iran) by a spectrophotometer.
Sensitivity of the mentioned tests was respectively 1, 1 and 3,
and 1 mg/dL cholesterol concentration was also calculated
using the Friedewald formula (LDL = TC-HDL-TG.5.0) (13).
3.6. Statistical Analysis
To statistically analyze the data, the SPSS software (ver.
22) was used. The quantitative variables were reported
as mean, standard deviation, minimum and maximum.
The qualitative and ranking variables were reported in the
forms of numbers and percentages. To study the relation-
ship between sleep quality and variables of gender, mari-
tal status, smoking, disease and drug consumption history
and literacy, the chi-square test was used. Means of the
quantitative variables in both groups with bad and good
sleep were compared using independent t-test. Logistic re-
gression model with backward-LR model was utilized for
assessing sleep quality-related factors. In this model, the
variables which were related to sleep quality at 0.2 level in
univariate analyses were entered. Alpha level of less than
0.05 was considered significant.
4. Results
Frequency distribution of the participants based on
the qualitative variables is shown in Table 1. As seen in
this table, 34.1% and 65.9% of the participants were female
and male, respectively; 86% were married; and 11.9% had
cigarette smoking history.
Mean and standard deviation of the quantitative vari-
ables are shown in Table 2. As seen in this table, the mean
age of participants was 48.27 ± 7.68 years old. Also they
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Table 1. Frequency Distribution of the Participants Based on Qualitative Variables
Variable Number Percentage
Gender
Female 132 34.1
Male 255 65.9
Marital status
Single 54 14
Married 333 86
Cigarette smoking
Yes 46 11.9
No 341 88.1
Having a defined disease, Drug consumption
Yes 293 75.7
No 94 24.3
Educational level
Diploma or less 46 11.9
Under graduate 208 53.9
Post graduate 132 34.1
had high body mass index (26.7) and total cholesterol level
(191.7).
The mean of PSQI score for all the participants was
equal to 4.77 + 2.62 (min: 0 and max: 17). Considering
a score of higher than five as bad sleep quality, the re-
sults showed that 115 (29.7%) had bad sleep quality. No
statistically significant relationship was observed between
the qualitative variables of gender, marital status, educa-
tional level, cigarette smoking, having a defined disease
and sleep quality of the participants (P > 0.05).
Comparison of the mean of quantitative variables in
both groups with bad and good sleep quality showed that
the mean body mass index (P < 0.001) and waist circum-
ference (P = 0.016) were high in participants with bad sleep
quality. Serum levels of VLDL (P = 0.004) and triglyceride (P
= 0.001) were significantly higher in the participants with
bad sleep quality than those with good sleep quality. Con-
versely, serum level of HDL cholesterol in the participants
with good sleep quality was significantly higher than those
with bad sleep quality (P = 0.034) (Table 3).
Table 4 shows the results of logistic regression model
of the factors related to sleep quality. In this model, the
variables related to sleep quality at 0.2 level in the univari-
ate analysis were entered in the model (gender, marital sta-
tus, BMI, serum triglyceride, employment period, waist cir-
cumference, VLDL and HDL). As shown in the results, be-
ing a female increased bad sleep quality by about 2.5 times.
Also, with the increase of BMI (OR = 1.17) and serum triglyc-
eride (OR = 1.02), the risk of bad sleep quality increased.
5. Discussion
Results of this study showed that 29.7% of participants
had had bad sleep quality. In this research, there was no
statistically significant relationship between the qualita-
tive variables of marital status, education, as well as smok-
ing background, disease/drug consumption history and
the sleep quality of the participants. Nevertheless, most
epidemiologic studies have shown the potential of women
for insomnia (14). A meta-analytical study on 31 related ar-
ticles has demonstrated a risk ratio of 1.41 (1.28 - 1.55: CI95%)
in females compared with males. Of course, in a few stud-
ies, no relationship has been found between gender and
sleep quality (15). Furthermore, investigations have shown
that sleep disorder is higher in divorced and separated
women than those who are married. Also, the effect of mar-
ital status was stronger in males than females. A part of
the observed differences in gender and marital status can
be due to lower socio-economic condition of women and
divorced individuals (16). Regarding the relationship be-
tween smoking and sleep quality, large cohort studies have
shown that smokers have lower sleep quality and more in-
somnia symptoms than non-smokers (17). Also, low level of
education among females and not males with cardiovascu-
lar diseases, was accompanied by low sleep quality (18).
In this study, body mass index and high waist circum-
ference showed a significant relationship with low sleep
quality. Also, serum levels of VLDL cholesterol and triglyc-
eride in people with low sleep quality was significantly
higher than participants with good sleep quality. Con-
versely, the serum level of HDL cholesterol in people with
good sleep quality was significantly higher than those with
bad sleep quality. Also, in logistic regression analysis, be-
ing a female increased the risk of bad sleep by about 2.5
times and, with increasing BMI and triglyceride, the risk of
bad sleep quality increased by 1.17 and 1.02 times, respec-
tively.
Several cross-sectional studies have represented a re-
verse relationship between BMI and sleep duration (19-
21); however, a study on 1986 males, aged 55 to 69 years
old, showed no significant relationship between the preva-
lence of insomnia and age, BMI, and smoking (22). Obesity
risk is higher in those sleeping less than five hours per day;
such obesity is for more related to waist circumference and
stomach obesity and is independent of BMI (19). In one
study, BMI, waist circumference and body fat percentage
were related to sleep quality score (23).
In this regard, it has been suggested that sleep dura-
tion is a stronger factor than sleep quality for metabolic
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Table 2. Mean and Standard Deviation of Quantitative Variables
Variable Min Max Mean Standard Deviation
Age, y 26 63 48.27 7.68
Employment period, y 1 38 21.59 8.08
Working hours per day,h 6 13.5 9.27 1.35
Body Mass Index 18.0 48.2 26.73 4.08
Waist circumference 44 124 92.53 11.06
Systolic BP, mm/Hg 75 190 117.06 13.45
Diastolic BP, mm/Hg 19 140 78.24 9.86
FBS, mg/dl 90 323 95.02 22.14
VLDL- C, mg/dL 60 100 27.63 13.77
HDL- C, mg/dL 19 149 46.76 13.47
LDL- C, mg/dL 25 249 118.32 34.34
TG, mg/dL 85 502 139.62 67.46
TC, mg/dL 131 458 191.7 44.74
Abbreviations: BP, blood pressure; FBS, fasting blood sugar; VLDL-C, very low density lipoprotein cholesterol; HDL-C, high density lipoprotein cholesterol; LDL-C, low
density lipoprotein cholesterol; TG, triglyceride; TC, total cholesterol.
Table 3. Comparing Mean of Quantitative Variables in the two Groups with Good and Bad Sleep Quality
Variable Sleep Quality P Value
Good Bad
Mean (SD) Mean (SD)
Age 48.01 (7.92) 48.90 (7.07) 0.279
Employment period 21.21 (8.35) 22.51 (7.37) 0.127
Working hours per day 9.25 (1.34) 9.33 (1.40) 0.613
Body Mass Index 26.05 (3.50) 28.34 (4.86) < 0.001
Waist circumference 91.58 (10.30) 94.79 (12.46) 0.016
Systolic BP, mm/Hg 117.17 (13.82) 116.80 (12.59) 0.807
Diastolic BP 78.64 (9.72) 77.30 (10.16) 0.221
FBS 95.3 (22.20) 94.35 (22.08) 0.699
VLDL- C 26.3 (13.50) 30.68 (13.97) 0.004
HDL- C 47.7 (14.10) 44.53 (11.60) 0.034
LDL- C 117.05 (34.79) 121.31 (33.22) 0.265
TG 132.21 (64.01) 157.13 (72.30) 0.001
TC 190.88 (46.08) 193.62 (41.53) 0.583
Abbreviations: BP, blood pressure; FBS, fasting blood sugar; VLDL-C, very low density lipoprotein cholesterol; HDL-C, high density lipoprotein cholesterol; LDL-C, low
density lipoprotein cholesterol; TG, triglyceride; TC, total cholesterol.
syndrome and glucose intolerance, while sleep quality
does not intermediate the relation between sleep duration
and metabolic syndrome (24). In a cross-sectional study on
the general population, global PSQI score and its compo-
nents (especially, sleep latency and sleep disturbance) were
associated with metabolic syndrome (25).
In our study, there was a relationship between sleep
quality and some metabolic syndrome components. Re-
garding sleep disorder and metabolic syndrome along
with their components, two studies have demonstrated
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Table 4. Logistic Regression Model of Factors Related to Sleep Qualitya
Variable OR CI95% P Value
Gender
Male 1 -
Female 2.49 1.46 - 4.27 00001
Marital status
Single 1 -
Married 2.29 1.06 - 4.96 0.035
BMI 1.17 1.09 - 1.24 < 0.001
TG 1.02 1.01 - 1.03 0.001
Abbreviations: BMI, body mass index; TG, triglyceride.
aIn this model, the variables of employment period, waist circumference, as well as VLDL and HDL cholesterol were controlled.
that sleep disorder is a factor contributing to the risk of
obesity (26). Higher scores of sleep disorder have been re-
lated to upper percentiles of waist circumference, high TC,
and high non-HDL cholesterol. The present study showed
that people with higher sleep disorder had bigger waist cir-
cumference, which was in line with the results of studies
by Narang et al. (27).
Subjects with metabolic syndrome have higher global
PSQI scores and a higher risk of being poor sleepers. Of the
five components of metabolic syndrome, hyperglycemia
and low HDL-C are independently associated with the
global PSQI scores, while low HDL-C is an independent pre-
dictor of being a poor sleeper. In an investigation, low
HDL cholesterol, not triglycerides, has been introduced
as the independent index of low sleep quality (28); how-
ever, in another study, no relationship was seen between
HDL cholesterol or triglyceride and sleep quality score (23).
In our study, a relationship was observed between serum
triglyceride and unsuitable sleep quality. In another work,
increased triglyceride values were significantly related to
sleep duration (20). In another study, the participants with
higher levels of TC and triglyceride as well as lower HDL-C
had shorter sleep than those with a normal level of such
factors (29).
Over a ten-year follow-up, longer objective sleep dura-
tion was longitudinally and significantly associated with a
poorer lipid profile (30). In the present study, no relation-
ship was found between blood pressure and sleep qual-
ity score, which was parallel to the results of Jennings et
al. (23). Blood pressure of the participants in the present
study was normal and less than the above-mentioned stud-
ies, which can lead to insignificance of statistical analyses.
In some researches, total score of sleep quality and its com-
ponents were related to high blood pressure and hyper-
tension (31). Poor sleep quality was significantly associated
with resistance to treatment in hypertensive females, in-
dependent of cardiovascular and psychiatric confounders
(32). In another study, difficulty falling asleep was asso-
ciated with metabolic syndrome, in particular, with high
blood pressure (33). However, no relationship was seen be-
tween sleep quality and arterial blood pressure amongst
the elderly (34). The reason for such a difference could be
attributed to the studied population and race, recognition
criteria, or the applied statistical methods.
The mechanism accounting for the relationship be-
tween sleep quality and metabolic syndrome components
has not yet been identified. Activity of the hypothalamus-
pituitary-adrenal axis has an important role in the patho-
genesis of metabolic syndrome (35) and can lead to insom-
nia (36). Also, many short-term studies have shown that
sleep limitation leads to insulin resistance, which has an
important role in the pathophysiology of metabolic syn-
drome (37). Sleep limitation may increase inflammatory
mediators of cardiovascular risk such as C-reactive protein
(CRP) (38). Insufficient sleep can increase food intake and
maintain energy in the body via organizing some neuroen-
docrine, metabolic and behavioral compatibility (39). In-
creased weight and appetite changes might be related to
changes in leptin and ghrelin concentrations induced by
sleep limitation and changes in work shifts (40). Police of-
ficers, who had sleep hours of less than five showed higher
levels of leptin than those with five to seven hours of sleep
(41). Additionally, wake-sleep cycle is disturbed among po-
lice officers as a result of shifting the working plan. It
seems that this working plan cycle can increase the risk of
sleep disorders and metabolic syndrome (42).
Despite reports on the relationship between unsuit-
able sleep and obesity in epidemiologic studies, it should
be taken in to account that all of these studies (whether
among adults or children) have been based on personal
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reports. Furthermore, most of these investigations have
been cross-sectional, which means that their results could
not imply any cause-and-effect relation. Short sleep can in-
crease weight; yet, being overweight and obese can lead
to sleep disorders. Therefore, more studies should be per-
formed in this field as prospective and interventional re-
searches using objective tools of sleep and obesity. Another
weakness of the present study was the lack of measuring
plasma concentration of the intervening hormones in the
relationship between sleep quality and measured factors.
In conclusion, the present study showed that the indi-
viduals with low sleep quality had higher BMI, waist cir-
cumference, and serum triglyceride as well as lower HDL
cholesterol level. Also, BMI and serum triglyceride were
independently related to sleep quality score; therefore, it
is recommended for such people to be screened for their
sleep quality and undergo necessary measures.
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